We investigate a mechanical method to manipulate magnetic Bloch Skyrmions by applying an electric field in a composite chiral-magnetic (CM)/ferroelectric (FE) bilayer. The magnetoelectric coupling at the interface allows the electric field to stimulate magnetic ordering. Therefore it offers the possibility to generate Skyrmions [Phys. Rev. B 94, 014311 (2016)]. Here, we design a movable and localized electric field source to drive Skyrmion transport along the bilayer. A traveling velocity of the electric field source must be carefully chosen to show the stability and efficiency of this process. The effects of high speed operation will be discussed.
Introduction. -Magnetic Bloch Skyrmions have been introduced theoretically [1, 2] and observed experimentally [3, 4] in many works. They occurs in materials which the magnetic order breaks the centrosymmetric nanostructure due to the existence of asymmetric exchange interaction (well-known as the Dzyaloshinskii-Moriya interaction). Magnetic Skyrmions have been detected experimentally from the range of MnSi [3] , FeGe [5] , MnGe [6] , GaV 4 S 8 [7] , Cu 2 OSeO 3 [8] , Fe-Co-Si alloys [9] and Mn-Fe-Ge alloys [6] . They offer a great potential for applications in spintronic memory devices, due to their selfprotection behavior. To use magnetic Skyrmions as information holders, the current high interest is to control their motion. Several non-mechanical methods have been investigated, such as by using electric current dynamics [10] , spin-polarized currents [11, 12] , magnetic fields [13] , temperature gradients [14, 15] , and magnons [16] . But a mechanical method, however, has not been explored. In this paper, a mechanical technique to move magnetic Bloch Skyrmions collinearly with a mobile electric field source is investigated.
A previous study has discussed magnetic Bloch Skyrmions induced by the electric field in a composite bilayer in Ref. [17] . Here, we pursue a microscopic approach to Skyrmion transport by moving the electric field source in a plane parallel to the bilayer. In FIG. 1 , we (i) construct a bilayer lattice model, which contains a chiral-magnetic (CM) layer with classical magnetic spins and a ferroelectric (FE) layer with electric pseudospins, both of layers are glued by a strong magnetoelectric (ME) coupling, (ii) attach a localized electric field source, which can travel longitudinally along the bilayer film, (iii) carry out a spin dynamics method to determine the timeresponse behaviors of the magnetic spins and the electric pseudospins, respectively. Movie 1 in the Supplemental Material shows an animation of the dynamics [18] . The results show the creation and propagation of magnetic Bloch Skyrmions, and we discuss the stability and efficiency of the traveling velocity to Skyrmions. This mechanical technique provides a guide for designing and developing a Skyrmion transport channel in future spintronic devices.
Model and Simulation. -The total Hamiltonian is con- 
where
represents the local magnetic spin is used to characterize the magnetic moment, which is a normalized vector, i.e., S i,j = 1, and i, j ∈ [1, 2, 3, ..., N ] characterizes the location of each spin in the CM layer. The first term shows the symmetric exchange interaction between neighbor spins, where J * CM = J CM /k B T represents the dimensionless magnetic exchange coupling. The second term shows the asymmetric exchange interaction, and D * CM = D CM /k B T represents the dimensionless Dzyaloshinskii-Moriya coefficient, withx andŷ are the unit vectors of the x and y axes, respectively. Weak magnetocrystalline anisotropy exists in CM materials [19] . In general, the last term shows a perpendicular magnetic anisotropy, uniaxial anisotropy coefficient along the z axis.
In the FE layer, we employ a pseudospin model to solve the dynamical behaviors of electric polarization [20] . The local electric moment is replaced by the pseudospin, shown as
, which is regarded as a continuous vector, and k, l ∈ [1, 2, 3, ..., N ] characterizes each pseudospins location. The distinction between a pseudospin and a classical spin, is the variable size and no precession of the pseudospin. Since the electric polarization is defined as the dipole moment density in dielectric materials. The dipole moment density p is proportional to the external electric field, as p = 0 χ e E ext [21] . In the pseudospin model, the size of each electric pseudospin is proportional to the magnitude of its effective field, as E eff k,l = δH/δP k,l [22] . Hence,
where Ξ e is the dimensionless pseudo-scalar susceptibility. Consequently, the electric pseudospin has a variable size as does the behavior of electric dipole. The Hamiltonian thus be described by a transverse Ising model [23] , as
where J * FE = J FE /k B T represents the dimensionless electric exchange coupling along the Ising z direction. Ω * FE = Ω FE /k B T represents the dimensionless transverse field along the +x axis, which is a in-plane field and perpendicular to the Ising z direction. E * ext = 0 χ e E z ext /k B T represents the dimensionless electric field, which been applied in the +z direction, 0 is the electric permittivity of free space, and χ e is the dielectric susceptibility. A particular site of locationsk,l presents the pseudospins which in the presence of electric field. Remember that applied electric field is mobile, and spatially attached to the bulk of bilayer film to reduce the edge effects (i.e., edge-merons) in simulations [24] .
Interfacial effects between CM and FE layers are caused by a ME coupling. The mechanism behind it can be understood by a strain-stress effect. Since in ferroelectrics, a mechanical strain internally generated from the applied electric field due to the reverse piezoelectric effect. It physically exerts on the CM layer, resulting in a magnetization due to the inverse magnetostrictive effect. Consequently, a series of electric-mechanical-mechanicalmagnetic effects constitute the converse ME effect, which emphasizes the influence of electric polarization on the magnetization at interface. Nan et al. have given a detailed study of this behavior [25] . The analytic expression of ME effect can be linear or nonlinear, particularly with respect to the thermal effect [26] . In this paper, we only account for low-energy excitations between the CM and FE layers and so we restrict ourselves to the linear expression of ME interaction, as
where g * ME = g ME /k B T represents the dimensionless strength of ME coupling. This was discussed by Spaldin [27] . The ME coupling strength is, however, currently unknown.
The dynamics of magnetic spins has been studied by the well-known Landau-Lifshitz-Gilbert equation [28] , which numerically solves the rotation of a magnetic spin in response to its torques,
where γ CM is the gyromagnetic ratio, and λ CM is the phenomenological damping term of CM materials. H eff i,j = −δH/δS i,j is the magnetic effective field acting on each spin, which is the functional derivative of the total Hamiltonian with respect to each magnetic spin.
In the FE layer, pseudospins are used to describe the location of electric dipoles. The electric dipole moment is a measure of the separation of positive and negative charges along the Ising z direction. It is scalar. Therefore, only the z component of pseudospin represents the real polarization, and the time evolution of pseudospins is expected to perform a precession free trajectory [20] , as
where λ FE is the phenomenological damping term in the FE structure. E eff k,l = −δH/δP k,l is the electric effective field acting on each pseudospin. Movie 2 in the Supplemental Material shows animations for comparing the trajectories of magnetic spin and electric pseudospin [18] .
Results. step. Figure 3 shows a series of diagrams about the Skyrmion transport in the CM layer collinearly following the polarized pseudospins in the FE layer, for a traveling velocity of v * = 0.02. Movie 3 in the Supplemental Material presents the full dynamical process [18] . In this propagation process, we can see the Skyrmion track deflecting to the bottom edge is due to the Skyrmion Hall effect [29] . The behavior of a Skyrmion is topologically like a spinning disk, it generates a Magnus force when traveling longitudinally. So it induces a transverse force during the translational motion of the Skyrmion. Figure 3 furthermore shows the electric polarization reflecting the passage of field source. But the magnetization has a component that is non-collinear with the electric response, and shows a spin spiral alignment, due to the existence of a finite Dzyaloshinskii-Moriya interaction. CM crystals have a non-centrosymmetric structure enables the magnetic ordering to be broken. field source during the propagation process. Eventually, the system becomes much more complicated, because another two Skyrmions are formed from edge-merons to complement the energy contribution. In FIG. 4(b) , we double the velocity to v * = 0.1, and note the Skyrmion been lost immediately. Furthermore, the Skyrmion Hall effect acts in the high speed operation, and the transverse motion of Skyrmion transport may result in its annihilation at boundaries.
Conclusion. -To summarize, we have investigated a novel mechanical method to control magnetic Bloch Skyrmions by moving a electric field source parallel to the composite CM/FE bilayer system. Skyrmions are supported by the electric polarization through the converse ME effect. The results demonstrate that the Skyrmion is moved collinearly with the field source at a slow speed. 
